Background: Telehealth and telemonitoring is an emerging area of study in people with cystic fibrosis (CF), with the potential of increasing access to care, and minimising infection control risks to patients without compromising their health outcomes. To date, limited evidence is available to support the use of telehealth in paediatric population with CF in a clinical setting. This study aims to investigate the utility of a multimodal telehealth-based outpatient physiotherapy service and assess its effect on quality of life, functional exercise capacity, hospital admission and intravenous antibiotic requirements, lung function, processes of care, participation in activities of daily living, and health economics associated with operating an innovative service. Method: This single centre, prospective, parallel, randomised, controlled, non-inferiority trial aims to recruit 110 children with CF between the ages 8 to 18 years of age. Participants will be randomised to the Usual Outpatient Physiotherapy Service group (Usual OPS) or the telehealth intervention group (CyFiT OPS). Quality of life, participation in activity of daily living, functional exercise capacity and patient perception of care will be examined every six months using the Cystic Fibrosis Questionnaire-Revised (CFQ-R), Children's Assessment of Participation and Enjoyment (CAPE), Preferences for Activities of Children (PAC) questionnaire, Modified Shuttle Test-25 (MST25), and Measure of Process of Care (MPOC-20) questionnaire. Physiological measurements collected during routine clinical visits such as spirometry, body weight and height, information will be retrospectively retrieved via a chart review at the end of the study. Discussion: We anticipate that this multi-modal telehealth service will deliver a comparable service to traditional face-to-face models. An alternative to existing outpatient physiotherapy services may potentially increase patient options for access to care and patient-orientated outcomes such as quality of life. If deemed appropriate, the new model of care can be integrated into clinical practice immediately.
Background
Cystic fibrosis (CF) is an inherited disorder of exocrine function that affects the lungs, digestion, and multiple other body systems. Ongoing physiotherapy in the form of airway clearance techniques and exercise therapy is integral to the management of CF [1] . Adherence to long-term physiotherapy regimens, however, can be difficult at home [2] [3] [4] . Poor adherence can lead to more frequent visits to hospital, which potentially increases exposure to harmful infections at the hospital, as well as time away from school and work. At our clinic, physiotherapists utilise outpatient physiotherapy services (OPS) in addition to regular physiotherapy reviews during multidisciplinary (MDT) clinics to encourage prescribed physical activity and effective airway clearance techniques [1] . Traditionally, OPS are delivered via face-to-face consultations in a hospital setting. An alternative mode of delivering OPS is therefore needed to enable better access to healthcare and minimise risk of cross infection. This study aims to investigate the efficacy of an innovative telehealth-based outpatient physiotherapy service for children with CF.
Telehealth in the form of real-time videoconferencing enables patients to access health care from virtually anywhere. The risk of cross infection may be reduced as patients are not required to visit hospital as frequently. Other forms of telehealth may improve patient experiences and better clinical outcomes in ways that were previously not possible. For example, virtual group exercise may offer much needed peer-driven social/psychological support between patients as children are currently unable to physically interact with other children with CF due to infection precautions [1] . In addition, smartphone and wearable technologies may assist physiotherapists in clinical decision making as they are able to access a large amount of health-related data remotely [5] .
To date, the role of telehealth in the physiotherapy management of CF is unclear, although various centres internationally are experimenting with different types of telehealth interventions. Telehealth in the form of telemonitoring via spirometry have previously been investigated [6] [7] [8] . More recent publications have suggested the use of telehealth to increase access to health care (Jamie [9] ), as well as encouraging physical activity [10] , and mobile-based applications ( [11] ; J. [12] ) in adults with CF. Limited research is available for children with CF.
We aim to investigate the efficacy of various modes of telehealth at our clinic. In this trial, we have developed a multi-modal telehealth-based OPS specific for children with CF. This trial seeks to answer the following question: Can CyFiT OPS offer a non-inferior health outcome and quality of life compared to Usual OPS for children with CF? If proven to be effective, the new model of healthcare delivery will be integrated into our existing services as an alternative option for families particularly those living far away from the hospital CF Centre.
Methods/design

Study aim
The aim of this study is to investigate the efficacy of a telehealth outpatient physiotherapy service (CyFiT OPS) on patient quality of life, clinical efficacy and cost-effectiveness of healthcare delivery when compared to Usual OPS.
Study design
This is a single centre, prospective parallel randomised controlled non-inferiority trial with a 1:1 allocation across two treatment arms: Usual OPS and CyFiT OPS. Children receiving Usual OPS will serve as the control group for the trial.
Study setting
All trial activities will be conducted through the Children's Health Queensland Hospital and Health Service (CHQ-HHS) CF service in Queensland Australia. The CF service operates from Lady Cilento Children's Hospital (LCCH), South Brisbane, Queensland, Australia and outreach service locations in Queensland.
Participants
Inclusion criteria
Participants will be children (i) with a confirmed medical diagnosis of CF, (ii) aged between eight to eighteen years (inclusive), (iii) who have access to the internet in their local area (e.g. at home, a local health centre, or the home of a family-selected relative or friend), (iv) through a device which enables videoconferencing (e.g. personal computer, tablet, or phones).
Exclusion criteria
Children will be excluded from this study if they present with (i) an acute or chronic medical co-morbidity that would prevent or significantly limit participation in the study, or (ii) behavioural or intellectual difficulties that would prevent full participation in face-to-face physiotherapy assessment, or physiotherapy intervention via telehealth, or (iii) they are involved in another study that precludes enrolment in any other study.
Recruitment process
Participants of this study will be recruited from the CHQ-HHS CF service, Queensland, Australia. This service is provided via inpatient and outpatient services at (i) the CHQ-HHS LCCH, (ii) regional Queensland Health hospitals.
Children will be identified by the study coordinator who is a senior physiotherapist will review each patient attending the CF clinic, OPS, or hospital ward daily. The inclusion and exclusion criteria will be used to determine the eligibility for each child. All eligible children will be approached by the treating physiotherapist. If families express interest in the trial, a member of the research team will provide written information and seek consent/assent as appropriate. If the parents agree for their child to proceed with the study, informed written consent will be gained from the parent and assent from the child.
Once informed written consent is gained, baseline assessment will be collected by the blinded research assessor, which includes seven elements, the:, (i) Cystic Fibrosis Questionnaire-Revised (CFQ-R) (A. [13] [17] , and (vii) anthropometric data: height (cm), weight (kg) and age (y).
Once baseline assessment has been scheduled, a physiotherapist will randomise the child to one of the two treatment arms by opening a sealed allocation envelope in front of the child. The physiotherapist will then discuss with the families the requirements relevant to their allocation (e.g. how to access the telehealth system).
Randomisation
Children will be randomised via concealed random allocation. A computerised random number sequence will be generated that corresponds to the two study arms (1 = Usual OPS, 2 = CyFiT OPS) in balanced-blocks of eight participants (i.e. 4 Usual OPS, 4 CyFiT OPS). The result of each randomisation will be concealed inside a sequentially numbered, opaque envelope. Intervention will be provided to each child in one of two treatment arms: Usual OPS or CyFiT OPS. The allocation of each child will be recorded on an electronic, password protected spreadsheet that is unknown to the trial assessor, and then contents of the envelope will be discarded.
Intervention
Usual physiotherapy management for each child in the study comprises 3 components:
As recommended by Australian and New Zealand clinical practice guidelines [1] , all participants in both groups will receive one face-to-face physiotherapy session in a multidisciplinary CF clinic approximately every three months. Each child with CF is advised on an individualised exacerbation plan where minor exacerbations can be managed at home with parental supervision.
Outpatient physiotherapy services (OPS):
Apart from these routine check-ups, OPS may be clinically indicated on an individual patient basis. Timing and frequency of OPS will be determined by the child's treating physiotherapist according to clinical indicators which will be identical for children in both treatment arms. If OPS is required, it will be delivered in a mode according to the group that the child has been randomised to -Usual OPS or CyFiT OPS. Physiotherapy in both arms will be delivered by the same physiotherapy team. Only the mode of delivering OPS will differ according to group allocation (face-to-face or telehealth).
Escalated Care with Hospital Admission:
If a child in either group presents with any clinical indicator for admission to the hospital, then the child will receive face-to-face physiotherapy by hospital physiotherapy staff during these periods of inpatient admission as per routine clinical practice.
Usual outpatient physiotherapy services (usual OPS)
Participants allocated to the Usual OPS group may receive OPS as a combination of face-to-face, telephone, and/or telehealth follow up as determined at the time by the treating physiotherapist. Each review may involve any or a combination of the child's home exercise program, airway clearance techniques, use and maintenance of therapy equipment, and support for adherence. If telehealth is included as an intervention mode, this will be delivered through the standard Queensland Health Telehealth Network (QH Telehealth). The QH telehealth system enables physiotherapists to connect via real-time videoconferencing. Physiotherapists may choose to utilise QH Telehealth to replace some face-to-face reviews to better suit patient schedules or to provide video feedback (e.g. seeing child demonstrating airway clearance techniques) that is otherwise not possible through a telephone review.
CyFiT outpatient physiotherapy (CyFiT OPS)
Participants allocated to the CyFiT OPS group will receive OPS via telehealth as the primary mode of delivery. In this group, a different telehealth system called eHAB® will be used. The eHAB® system was developed at The University of Queensland for specialised telerehabilitation. When using eHAB® with an individual child, clinicians can access additional digital functions not available via existing QH Telehealth System, such as real-time image/ video sharing, whiteboard for drawing diagrams, measurement tools for looking at various joint ranges of motion across the body and session recording that will facilitate an enhanced telehealth experience compared to videoconferencing alone. In addition, eHAB® enables clinicians to work with groups of children, for example to host real-time multipoint video conferences to deliver virtual groupbased sessions. In addition to having access to the eHAB® telehealth system for CyFit OPS, children allocated to the CyFiT group will be asked to wear a consumer-based wrist-worn activity tracker, Garmin Vivosmart3® (Garmin Ltd., Lenexa, KS, USA), during the 12-month intervention period. Children can utilise all functions available on the activity tracker. Health-related data (such as heart rate variability, sleep duration, steps, distance travelled, energy expenditure) will also be monitored by the treating team to inform physiotherapy practices in exercise prescription and in telehealth sessions (with access to near-real-time physiological information).
Integration of CyFiT into current model of care Physiotherapists will have access to health-related data collected from wrist-worn activity trackers. This information can be used to support clinical decision making by physiotherapists, to initiate OPS check-up (in the form of telehealth) and feedback to the multidisciplinary team. From the patient's perspective, health-related data displayed on their activity trackers may assist them in self-managing their therapy.
Clinician support system
This trial will utilise a web-based clinician support system developed by The University of Queensland. This system will enable physiotherapists to monitor health-related data collected from activity wristbands, organise online groupbased sessions and engage with families remotely for children in CyFiT OPS. Children with sudden changes to health-related data will be automatically highlighted to clinicians via the clinician support system. Changes in health-related data may then be used by physiotherapists to assist in clinical decision-making and initiate additional follow-up.
Study outcomes Study duration
Each child will be involved in the trial for 18 months, including a 12-month intervention period where the child is randomised to either Usual OPS or CyFiT OPS, followed by a 6 month follow up period where all participants will revert to Usual OPS and use of QH Telehealth services (as indicated). In CyFiT OPS, the intervention period can be further divided into phase one (0-6 months) and phase two (6-12 months) (see below). All outcome measures will be assessed (i) at baseline, (ii) after 6 months, (iii) after 12 months -end of intervention, and (iv) at 18 months -6 months after the end of intervention, for both groups.
Phase one Phase one is an opportunity for children and clinical physiotherapists to familiarise themselves with technology (i.e. activity wristbands and eHAB®). During this period, children will only be participating in one-to-one OPS via telehealth in the intervention group as clinically indicated. Treating physiotherapists will have access to health-related data via supplier web portal. Health-related data collected during phase one will enable the research team to derive statistical models to monitor children's health and better assist clinical decision making.
Phase two Phase two occurs in the last 6 months of the 12-months intervention. In addition to one-on-one OPS via telehealth, physiotherapists can refer children in the CyFiT OPS group to an online group-based exercise class. Group sessions will be delivered using the eHAB® system. In this phase, health-related data and risk score will be visualised using the clinician support system, and this information will be used by physiotherapists to assist in clinical decision making, such as initiating OPS check-ups.
Primary outcome measure
Cystic fibrosis questionnaire -Revised (CFQ-R) The CFQ-R is a valid and reliable quality of life measure for children with CF from 6 years of age (A. L. [18] ). The score is positively correlated with pulmonary function in adolescents with CF [19] . It includes nine quality of life domains: physical (8 items), role limitation, vitality (5 items), emotional (5 items), social (6 items), body image (3 items), eating disturbances (3 items), treatment burden (3 items), and health perceptions (3 items); as well as three symptom-based scales: weight (1 item), respiratory (6 items), digestion (3 items). All items are scored on a 4-point Likert Scale (1 = Very true/Always to 4 = Not at all true/Never). Scores for each domain will be analysed individually.
Secondary outcome measures
Modified shuttle test The modified shuttle test (MST25) is an externally paced maximal exercise capacity test that has been validated with peak aerobic capacity in children with CF [14] . Our clinic regularly employs the MST as an outcome measure secondary to its high reliability [20] and responsiveness to physiotherapy interventions [21] . Heart rate (bpm), oxygen saturation (SpO 2 in %), rate of perceived exertion (modified Borg dyspnoea scale) [22] , and 15-count breathlessness score [23] will be collect at four timepoints: pre-MST25, immediately post-MST25, 1 min recovery, and 2 min recovery. Distance (metres), level completed and self-reported limiting factor (e.g. breathlessness, leg fatigue) will be collected.
Medical record information A chart review of medical records will be performed to extract medical information such as: hospital, outpatient appointments (face-to-face and/or telehealth), number and type of staff patient seen, and intravenous antibiotic days as well as clinical measurements collected routinely in three monthly MDT reviews: body height, weight, age, spirometry, medication, and relevant social factors (e.g. distance travelled to attend clinic / hospital).
Cough and activity questionnaire Self-reported cough and activity questionnaires will be completed weekly. Parameters of cough frequency, moistness, and colour of sputum will be collected (Additional file 1: Appendix 1).
Participation The CAPE and PAC are questionnaires that measure participation of children in a range of activities outside of school. The CAPE and PAC collects information about the child's frequency, diversity, and enjoyment of an activity in formal (organised sport, other skill-based activities as well as clubs, groups and organisations) and informal activities (recreational, active-physical, social, skill-based and self-improvement).
Quality of care
The Measure of Processes of Care (MPOC) assessment is a validated and reliable questionnaire tool useful in understanding parents' perceptions of the care they and their children receive (S. M. [15] ). The MPOC addresses five aspects of care: Enabling and Partnership, Providing General Information, Providing Specific Information about the Child, Coordinating and Comprehensive Care for the Child and Family, and Respectful and Supportive Care. Data from all five domains will be collected and analysed.
Cost effectiveness
Economic analysis will be performed from both the healthcare and patient perspective. Costs associated with health care services will be retrospectively retrieved post intervention (e.g. cost of outpatient visits, inpatient admissions, staff time and equipment). Healthcare costs from the patient's perspective will be calculated using data collected from a chart audit (e.g. number of hospital visits, and services utilised), additional information will be estimated (e.g. costs associated with commuting, time taken off work, and number of family members who accompany the child to clinic). Additional information will be estimated by investigators using published data (e.g. cost of fuel, duration of travel). Incremental cost-effectiveness ratio between the two groups will be calculated using the CFQ-R. Cost per reduction in hospital days will also be analysed if a difference between the two groups is observed.
Blinding
The nature of this trial prevents the blinding of both the treating clinicians and patients. Both clinicians and patients will be exposed to the allocation via a) what modality they receive their physiotherapy service, and b) health-related data from activity trackers. Outcome measures will be collected by a blinded assessor. Randomisation will only occur after initial baseline assessment. Patients will always be approached by an unblinded clinical team prior to reassessment to mitigate risk of unblinding of the assessor (e.g. removing wristbands for the assessment).
Sample size
The minimum clinically important difference (MCID) for the CFQ-R has been previously calculated for people with CF who are medically stable (using distribution/ Smallest Error Measurement method) as 6.1 (A. L. [24] ). Standard deviation on CFQ-R improvement (treatment burden) has been previously reported as 8.6 [25] . A power of 0.9 and an alpha value of 0.025 has been chosen for this trial. Using this information, sample size for each group has been calculated to be 42 participants per group [26] . To allow for patient dropout, a total of 55 participants per group will be recruited.
Data analysis
All statistical analyses will be performed using SPSS 24 (IBM Corp., Armonk, NY, USA). Data will be analysed on an intention-to-treat basis. Generalised linear models will be used to determine any differences between repeated outcome measures across Usual OPS and CyFiT OPS. Missing data will be handled using predictive mean matching imputations using five observed cases for each missing value and a total of five imputed data sets will be pooled as the final result [27] . Statistical significance will be set at p < 0.05.
Withdrawal
Participants are considered withdrawn when consent is revoked. Withdrawn participants will not undertake any further assessment or intervention. Data collected up until point of withdrawal will form part of the study result. Participants will not be withdrawn if not adhering to protocol. Withdrawal from the trial will have no impact on the care offered to families.
Data storage
All patient outcome measures will be collected in paper format and stored in a locked cabinet at Lady Cilento Children's Hospital with restricted access. Data from wearable activity trackers are stored by Garmin (Garmin Ltd., Lenexa, KS, USA); participants will give the investigators permission to download that information to the University of Queensland servers for the use of Clinician Support System. Trial data will be stored electronically on a password protected Queensland Health Server for a period of 15 years in accordance with NHMRC guidelines. Data will be checked and cleaned prior to being locked for analysis.
Data monitoring
The research team will meet every six months to ensure that recruitment is on schedule and performed ethically, as well as to assess any adverse events associated with the intervention. Any adverse events will be immediately notified to the overseeing ethics committee (Children's Health Queensland) and the site-relevant governance committee, and the TSC. In occurrences where safety concern is identified by the research team, a suspension of the trial can be issued by the research team and a recommendation to the overseeing ethics and site governance committee to modify or stop the trial will be made.
Treatment Fidelity
All treating physiotherapists involved in the trial will undergo a training session on the use of the eHAB®, Garmin Connect (Garmin Ltd., Lenexa, KS, USA), and Clinician Support System led by the research team. Handouts and manuals will be developed by the research team and easily accessible to the clinical team. The research team will be in clinic on a regular basis to maintain adherence to protocol.
Discussion
To the best of the authors' knowledge, this study is the first in the world to assess the efficacy of a telehealth-based outpatient physiotherapy clinic for children with CF. Emerging literature supports the efficacy of online telehealth clinics in offering increased access to care for adults with cystic fibrosis ( [10] ; Jamie [9] ) and remote monitoring for deteriorating health [8] . In previous studies, researchers have examined each innovation independently as an alternative to current practices. In this study, researchers will utilise these innovations as an adjunct to existing services (Fig. 1) . The new model of care will enable clinicians to better facilitate ongoing intervention programs in the future.
Remote monitoring of physical activity and health-related data is an essential part of the proposed model. Previously, activity diaries have been used to monitor physical activity, however these are self-reported and often inaccurate [28] . The use of wrist-worn activity trackers should alleviate such inaccuracies. Activity trackers continuously collect health-related data passively in near-real-time, which will provide more data. Consumer-based activity trackers have been chosen over clinical/research counterparts to increase acceptance from children in the trial.
The large amount of data that will be available for clinicians raises new challenges. The sheer volume of data from activity trackers have previously made near-real-time analysis impractical and unusable in a clinical setting. To minimise this, a clinician support system will be developed for this study to facilitate the near-real-time statistical modelling and display of information in a cost-effective manner.
Study bias has been minimised such that the research team and assessor are blinded from participant allocation and are not directly involved in the clinical management of participants. Telehealth-based physiotherapy consultations enable children and physiotherapists to access more diverse and engaging options of therapeutic intervention. Telehealth enables online group sessions where multiple children can participate in a session together without the risk of cross infection. Social-based activities and gamification elements offered by consumer-based activity trackers may reinforce physical activity habits in children. Identifying practical means of continually engaging and facilitating children in participating in airway clearance and activities of daily living will yield long-term benefits for children with CF.
In conclusion CyFiT OPS is formulated around a patient-centred model. Establishing the clinical utility of CyFiT OPS means that families can receive the same quality of physiotherapy service closer to home, with a reduced risk of cross infection. This study will also supplement existing literature by providing high quality evidence regarding the use of telehealth in managing children with CF.
Additional file
Additional file 1: Figure 1 . Illustrates the current model of physiotherapy care for children with cystic fibrosis at our clinic. Prevention point is where the study intervention will be integrated into existing practices. The Innovative Healthcare Grant issued by the Australian Cystic Fibrosis Research Trust will financially support the development of the clinician support system that will be used by clinicians during the study. Both funding sources have no role in the design of this study and will not have any role during its execution, analyses, interpretation of the data, or decision to submit results.
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